
Preparations of the plant Acorus calamus (calamus or sweet flag)
(A. calamus) are available via internet trade and marketed as being
hallucinogenic. In 2003–2006, the Swedish Poisons Information
Centre received inquiries about 30 clinical cases of intentional
intoxication with A. calamus products. The present investigation
aimed to identify αα- and ββ-asarone, considered active components
of A. calamus, and metabolites thereof in urine samples collected
in seven of these cases. To further aid the identification of asarone
biotransformation products, a calamus oil preparation was
incubated with the fungus Cunninghamella elegans, which is used
as a microbial model of mammalian drug metabolism. Using 
gas chromatography–mass spectrometry (GC–MS) analysis in
selected ion monitoring mode, αα-asarone was detected in five
urine samples at concentrations ranging between ∼ 11 and 1150
µg/L and ββ-asarone in four of those at ∼ 22–220 µg/L. A previously
identified asarone metabolite, trans-2,4,5-trimethoxycinnamic 
acid (trans-TMC), was detected in the fungus broth by liquid
chromatography–tandem mass spectrometry whereas cis-TMC was
tentatively identified in the human urine samples. Using GC–MS, 
a hydroxylated asarone metabolite was identified both in fungus
broth and urine samples. However, this study demonstrated no
evidence for the presence of 2,4,5-trimethoxyamphetamine,
claimed as a hallucinogenic component of A. calamus. The main
clinical symptom reported by the patients was prolonged vomiting
that sometimes lasted more than 15 h.

Introduction

Acorus calamus (known as calamus or sweet flag) (A.
calamus) is a perennial plant with flavoring scent that grows
in aquatic environments. It has a long history of medical, cul-
tural, and ritual use and hence was spread outside its indige-
nous areas in Asia and is now found across Australia,  Europe,
and North America (1). In India, traditional use of A. calamus
in ayurvedic medicine is documented for treatment of

insomnia, neurosis, and remittent fevers. Another species (A.
tatarinowii) has been used in China for treating epilepsy (2,3).
Calamus oil has also been used as an additive in alcoholic bev-
erages (4), but because of hepatocarcinogenic effects in mice
(5), this is now restricted within the European Union (6), and
it is banned as a food additive and medicine in the U.S.
Besides the different fields of application in traditional

medicine, A. calamus has been claimed to possess central
stimulant and even hallucinogenic properties (7). The rhi-
zome and essential oil preparations thereof contain high
concentrations of α- and β-asarone (Figure 1), which are be-
lieved to be pharmacologically active components (1,8). In
the body, asarone has been proposed to undergo amination
resulting in formation of 2,4,5-trimethoxyamphetamine
(TMA-2; Figure 1) (1,8), which has psychoactive properties
(9). Referring to this tentative mechanism of action, prepa-
rations of A. calamus are marketed on the internet for recre-
ational use (8). 
In 2003–2006, the Swedish Poisons Information Centre re-

ceived inquiries concerning 30 clinical cases of acute intoxi-
cations related to abuse of A. calamus products. In seven of
these cases, urine samples were available for toxicological anal-
ysis together with anamnestic data. Initial attempts to detect α-
and β-asarone using liquid chromatography–tandem mass
spectrometry (LC–MS–MS) were not successful, indicating
that gas chromatography–mass spectrometry (GC–MS) might
be a more suitable method for this substance and/or that anal-
ysis of A. calamus intoxications should instead focus on
asarone metabolites. So far, only one metabolite of α-asarone,
trans-2,4,5-trimethoxycinnamic acid (trans-TMC; Figure 1),
has been described (4). However, in investigations of myristicin
(Figure 1), the main ingredient of nutmeg which is struc-
turally similar to asarone and also believed to be aminated
into a psychoactive substance, demethylated or hydroxylated
metabolites were identified as the major urinary excretion
products (10). 
The present bioanalytical investigation of cases of A. calamus

intoxication aimed to identify α- and β-asarone and metabolites
thereof using GC–MS and LC–MS–MS analysis of clinical urine
samples. To further aid in the identification of asarone
 biotransformation products, a calamus oil preparation was in-
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cubated with the fungus Cunninghamella elegans, which is
employed as a microbial model of mammalian drug
metabolism (11,12).

Materials and Methods

Chemicals
Reference material of α-asarone, β-asarone, and trans-TMC

was obtained from Sigma Aldrich (St. Louis, MO). TMA-2 was
kindly supplied by Professor Hans Maurer (Saarland University,
Homburg, Germany). 6-Acetylmorphine-d3 (6-AM-d3; internal
standard) was purchased from Cerilliant (Austin, TX),
β-glucuronidase (E. coli K12, 140 U/mL) from Roche
(Mannheim, Germany), and acetic anhydride, acetonitrile,
 ammonium acetate, diethyl ether, formic acid, and methanol
(HPLC- or analytical-grade) were from Merck (Darmstadt,
 Germany).

Patients and urine samples 
Urine samples were collected at emergency departments in

Sweden from patients who admitted intake of an A. calamus
preparation. The hospitals had been sent an informative letter
about the project, and information was also given in cases
where the Swedish Poisons Information Centre (Stockholm)
was contacted with inquiries about A. calamus poisonings.
The hospital staff was instructed to collect a urine sample as
soon as possible after admission to the hospital. Urine was
sampled into test tubes without additives, according to routines
for drugs-of-abuse testing, and stored refrigerated or frozen
until shipped to the Alcohol Laboratory (Karolinska University
Hospital, Stockholm, Sweden). On arrival to the laboratory,

samples were kept away from light in a freezer at –20°C until
time of analysis (typically within one month). When stored in
ethanol, α- and β-asarone have been shown to undergo light-
induced isomerization (13). 
Seven clinical cases of A. calamus intoxication were available

for bioanalytical examination within this project. The patients
(six men and one woman) were aged 15–32 years (mean 22.8,
median 19). In addition to the urine collection, information
about age, gender, the preparation of drug, ingested dose,
means of acquisition, clinical symptoms, and their duration
was also gathered, and grading of intoxication was done ac-
cording to the Poisoning Severity Score (PSS) (14). In two
cases, a sample of the ingested A. calamus oil preparation was
also provided. One of these oils was analyzed separately at the
National Laboratory of Forensic Science (Linköping, Sweden),
and α- and β-asarone were identified as the main components
(data not shown). Urine samples free of illicit and plant-derived
drugs collected from healthy subjects were used for preparation
of calibrators and controls (15).
The study was approved by the local ethical committee at the

Karolinska University Hospital (Stockholm, Sweden).

Incubation of calamus oil with the fungus
Cunninghamella elegans
Four drops of original fungus culture (C. echinulata var.

elegans, ATCC 9245 from LGC Promochem, Borås, Sweden)
was put on a Sabouraud dextrose agar plate without chloram-
phenicol (mycological peptone 10 g/L, dextrose 40 g/L, agar
15 g/L) and incubated for five days at 27°C. The fungus from
one plate was peeled off and suspended in 75 mL sterile saline
solution, and 5 mL of this suspension was added to a flask
with 30 mL Sabouraud dextrose broth (mycological peptone 10
g/L, dextrose 20 g/L, pH 7.0) and left to incubate at 27°C. After

three days, the broth was replaced with 30
mL fresh broth, and 50 µL of A. calamus
oil from one of the intoxication cases was
added. The mixture was left to incubate
for seven days at 27°C. The experiment
was terminated by addition of 25 mL ace-
tonitrile (11).

Enzymatic hydrolysis
The clinical urine samples and broth

solution from the fungus incubation were
subjected to enzymatic hydrolysis with β-
glucuronidase in order to liberate any
glucuronide-conjugated metabolites. For
this, a mixture of 300 µL sample and
50 µL β-glucuronidase (7 U) was incu-
bated for 1 h at 37°C.

GC–MS analysis of asarone and
metabolites
For GC–MS analysis, an Agilent Tech-

nologies (Santa Clara, CA) 6890N Net-
work GC system coupled to a 7683 series
injector, autosampler, and a 5973 network
mass selective detector was used. Anal-

Figure 1.Molecular structures for α-asarone (A), β-asarone (Mw 208) (B), trans-2,4,5-tri meth oxy cinnamic
(C), cis-2,4,5-trimethoxycinnamic acid (TMC; Mw 238) (D), hydroxylated α-asarone (E) and β-asarone (Mw
224) (F), 2,4,5-trimethoxyamphetamine (TMA-2; Mw 225) (G), and myristicin (H).
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ysis was carried out both in scan mode (m/z 40–400) and
selected ion monitoring (SIM) mode. 
GC separation of compounds was achieved on an Agilent

HP-Ultra fused silica capillary column (17 m × 0.2-mm i.d.,
0.11-µm film thickness). The following GC conditions were
used: splitless injection; inlet heater 250°C; helium carrier
gas; flow rate 1 mL/min; column temperature 80–280°C at
12°C/min, initial time 1 min and total analysis time 18 min.
Samples were prepared for GC–MS analysis by liquid–liquid

extraction, in which 1 mL sample and 3 mL diethyl ether were
mixed on a shaker for 10 min. The organic phase was trans-
ferred to a new tube and the same extraction procedure was re-
peated once more. The two diethyl ether phases were combined
and evaporated under nitrogen flow and finally dissolved in 50
µL ethyl acetate. For SIM analysis of α- and β-asarone, electron
impact (EI) ionization at 70 eV was used and m/z 208.1 was
monitored. The detection limit (LOD) (signal-to-noise ratio >
3) for asarone was ~ 1 µg/L.
To search for hydroxylated and demethylated metabolites of

α- and β-asarone, samples were analyzed after acetylation in
which 20 µL acetic anhydride was added to the evaporated ex-
tracts and heated at 60°C for 1 h. After evaporation under ni-
trogen flow, the residue was dissolved in 50 µL ethyl acetate.
Because no reference substances were available, the search
for asarone metabolites in the clinical urine samples and
fungus incubation involved comparison of peak spectra with
the same retention time in extracted ion chromatograms.
Accordingly, for hydroxylated α- and β-asarone, m/z 224 (un-
acetylated) and m/z 266 (acetylated) were monitored, and m/z
194 (unacetylated) and m/z 236 (acetylated) for demethylated
asarone.

LC–MS–MS analysis of TMA-2 and TMC
For analysis of TMA-2 and TMC, an LC–MS–MS system con-

sisting of a PerkinElmer (Norwalk, CT) series 200 autosampler
and two PE series 200 micropumps coupled to a PE Sciex API
2000 MS was used. The software was Analyst 1.4.2 from Applied
Biosystems (Burlington, ON, Canada).
Chromatographic separation was achieved by gradient

 elution on a Hypersil GOLD column (100 × 2.1-mm i.d., 5
µm) equipped with a UNIGUARD C18 column (ThermoFisher,

Waltham, MA). From 0 to 10 min, a linear gradient from
100% mobile phase A (1% acetonitrile in 10 mmol/L formic
acid) to 100% mobile phase B (60% acetonitrile in 10 mmol/L
formic acid) was used. From 10 to 15 min, 100% of mobile
phase A was used to re-equilibrate the column. The total
analysis time was 15 min. Prior to analysis, samples were di-
luted 1:4 with deionized water containing 500 µg/L 6-AM-d3
as internal standard. For analysis of TMA-2, an electrospray
ionization (ESI) interface operating in positive mode was
used, and the ion transition monitored was m/z 226.2 →
209.1. For analysis of TMC, the ESI interface was instead op-
erated in negative mode, and the ion transition monitored
was m/z 226.2 → 133.1. The LOD (signal-to-noise ratio > 3)
for TMA-2 and trans-TMC were ~ 2 µg/L and 400 µg/L,
respectively.

Results

Clinical results
In the intoxication cases with A. calamus preparations, all

seven patients reported intake of a calamus oil in either crude
or capsule form. Four patients reported purchase of the drug
on the internet. The dose ingested ranged from “a few drops”
up to 2.5 mL for the oil and 850 mg for capsules. In all cases,
the most frequent clinical symptom reported was prolonged
vomiting in all seven, nausea in six out of seven, and tachy-
cardia for two of the seven. The prolonged vomiting, that
sometimes lasted for more than 15 h, resulted in a PSS of two
out of four in all cases. No hallucinogenic or psychoactive
effects were reported.

Analysis of asarone and search for hydroxylated and
demethylated metabolites
Using GC–MS analysis in SIM mode, α- and β-asarone were

identified in five out of seven urine samples at concentrations
ranging up to ~ 1150 and 220 µg/L, respectively, based on full-
scan data and external standard (Table I). The SIM chro-
matograms (m/z 208.1) together with full spectra for α- and β-
asarone standards and a clinical urine sample are shown in
Figure 2.
GC–MS analysis of the fungus broth solution originating

from incubation of calamus oil with C. elegans demonstrated
a strong peak for the calculated molecular ion of hydroxylated
asarone (m/z 224.1) with a retention time of 8.43 min. The
mass spectrum contained the expected tropylium ion at
m/z 181.1 (Figure 3A). Upon acetylation, this peak was
markedly decreased. However, in the chromatograms with
acetylated extracts, several peaks containing the target ion
(m/z 266.1) appeared (data not shown).
In GC–MS analysis of the urine samples, the m/z 224.1 peak

with a retention time of 8.43 min was detected in four out of
seven cases (Figure 3B). An overlay extracted ion chro-
matogram of m/z 224.1 for an unacetylated and acetylated
clinical sample is shown in Figure 4. After acetylation, the
peak representing hydroxylated asarone decreased (Figure 4).
One peak that was present in the fungus broth solution but not

Table I. Presence of αα- and ββ-Asarone and Asarone
Metabolites in Human Urine Samples Collected in Seven
Cases of Intentional Intoxication with A. calamus Oil

αα-Asarone ββ-Asarone trans- cis- Hydroxylated
Subject (µg/L) (µg/L) TMC TMC Metabolite

A 109 56 –* +† +
B 105 22 – + +
C 11 – – + –
D 1150 220 – + +
E + + – + +
F – – – – –
G – – – + –

* – = substance not detected.
† + = substance detected, but quantitation was not possible.
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detected in the human urine samples showed a similar spec-
trum as the m/z 224.1 peak with a retention time of 8.43 min
but instead eluted at 9.54 min. Considering that β-asarone
eluted before α-asarone (data not shown), the former com-
pound (at retention time 8.43 min) was tentatively identified as
hydroxylated β-asarone (Table I). After treatment of the urine
samples with β-glucuronidase, the height of the peak at
m/z 224.1 increased about twofold, indicating the presence of

glucuronide conjugates.
No mono-demethylated metabolites were observed in the

broth solution or urine samples when using GC–MS analysis at
m/z 194.1. However, this analysis was complicated due to the
presence of many interfering peaks with identical m/z (data not
shown).

Analysis of TMA-2 and TMC
All clinical urine samples were subjected to LC–MS–MS

analysis to search for the presence of TMA-2. The ion chro-
matograms for a TMA-2 standard solution and a representative
result for a urine sample are shown in Figure 5. However,
TMA-2 could not be detected in any of the urine samples.
To investigate the possible presence of cis- and trans-TMC,

LC–MS–MS analysis with selected reaction monitoring (SRM)
of three product ions was used. In the broth solution resulting
from incubation of C. elegans with a calamus oil preparation,
only trans-TMC was identified, based on the correct retention
time and relative abundances of product ions compared with
the reference substance (Figure 6). However, no chromato-
graphic peak corresponding to cis-TMC was found. In con-
trast, trans-TMC was not detected in the clinical urine samples,
but a nearby chromatographic peak with similar relative abun-
dances of product ions indicated the presence of cis-TMC in six
of seven urine samples (Figure 6 and Table I).

Discussion

This study comprised bioanalytical investigations of human
urine samples collected from seven clinical cases of inten-
tional intoxication with A. calamus oil. Both α- and β-asarone
were demonstrated in the urine samples together with two
metabolites that were tentatively identified as cis-TMC and
hydroxylated β-asarone. If the identity of cis-TMC can be con-
firmed, this urinary metabolite would seemingly be a suitable
target analyte for LC–MS detection of intoxication cases with
asarone and A. calamus products, as it was detected in six of

Figure 2. GC–MS chromatograms in SIM (m/z 208.1) and full spectra
(inset; data for m/z 120–250 are shown) for standards of α- and β-asarone
(A) and a clinical urine sample collected from a patient admitting intake of
A. calamus oil (B).

Figure 3. Spectrum for a possible hydroxylated asarone metabolite with the
proposed fragmentation pattern indicated. Results are for the peak with a
retention time of 8.43 min for an unacetylated broth solution originating
from incubation of A. calamus oil with the fungus C. elegans (A) and an un-
acetylated clinical urine sample (B).

Figure 4. Overlay extracted ion chromatograms of an acetylated and un-
acetylated clinical urine sample at m/z 224. The peak eluting at 8.43 min
was tentatively identified as hydroxylated β-asarone.
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seven urine samples.
The results of this study showed no evidence for the presence

of the hallucinogenic substance TMA-2 in urine samples col-
lected after ingestion of A. calamus oil. Considering that α- and
β-asarone and metabolites thereof were detected at high levels
in at least some urine samples, it is unlikely that TMA-2 would
have escaped detection if being formed. Furthermore, in agree-
ment with previous reports (16–18), no psychoactive effects
were reported by the patients. The main symptoms instead
were prolonged vomiting, nausea, and tachycardia. The original
reference claiming hallucinogenic properties of A. calamus
was derived from a book titled “The Hallucinogens” (7) pub-
lished more than 40 years ago wherein secondhand informa-
tion about a hallucinogenic dose of A. calamus is cited. This
idea was then further conserved in several subsequent publi-
cations (1,8,18,19). However, the suggested mechanism of ac-
tion was not supported by the present clinical and experi-
mental data and can consequently be put into question. A
similar action was also claimed for myristicin but was later
 disproved (10).
Additional metabolic studies included incubating a calamus

oil preparation with the fungus C. elegans, which is used as a
microbial model system for mammalian drug metabolism
(11,12). The C. elegans model system was chosen because it has
previously been found suitable to produce various drug
metabolites, and it contains several Phase I and II enzymes that
can produce aliphatic hydroxylation products and glucuronide
conjugates. However, a problem related to the present study
could be the low solubility in water of the calamus oil, re-
sulting in a low rate of metabolism and associated problems in
identifying the small amounts of metabolites generated. Addi-
tional fungus incubations using α- and β-asarone in pure
chemical form are therefore desirable in order to achieve a
more complete investigation of the metabolic pattern.
In studies conducted with cultured rat hepatocytes or hy-

percholesterolemic rats, trans-TMC was reported as the major
metabolite of α-asarone (4,20). In the present incubations of C.

elegans with a calamus oil preparation, trans-TMC was iden-
tified whereas cis-TMC was not. In contrast, only cis-TMC was
detected in the human urine samples. Because both α- and β-
asarone were demonstrated to be present in the A. calamus oil
preparation ingested by two patients as well as in five out of
seven of the urine samples, trans-TMC would also have been
expected to occur in urine if it were a major human metabolite.
A reason for these observations might be that C. elegans can
show a stereoselective metabolism different from that present
in mammalian enzyme systems (21).

Conclusions

Further studies are required to fully elucidate the biotrans-
formation pattern of asarone in the human body after intake of
A. calamus preparations. This study tentatively identified cis-
TMC as a suitable urinary target metabolite for LC–MS detec-
tion of intoxication cases in addition to or possibly as an
 alternative to GC–MS analysis of α- and β-asarone. A. calamus
preparations are marketed on the Internet as being hallucino-
genic with the questionable reference to TMA-2 as the psycho -
active component, but this was not supported by the present
clinical and experimental data. The fact that A. calamus oil has
proven mutagenic (22) and hepatocarcinogenic (5) effects
rather raises concerns about human use of this plant material.
Still, in most cases intentional intoxication with A. calamus
preparations might probably be a one time only experience,
considering the main clinical symptom reported was prolonged
vomiting that sometimes lasted more than 15 h. 
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